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Food insecurity and pre-hypertension, pre-diabetes in adult women: results from
the 2007-2010 National Health and Nutrition Examination Survey
Abstract
Background
Being food insecure is generally defined as the limited or uncertain availability of safe and nutritious
foods and is linked to poor nutrition and fully progressed diet-sensitive chronic diseases. However, little is
known about the association between food insecurity and pre-clinical disease such as pre-hypertension
and pre-diabetes. This study sought to examine the associations between food insecurity and pre-clinical
disease among a racially/ethnically diverse population of women.
Methods
Using data from 2007-2010 NHANES, we examined associations between food security and pre-clinical
disease among women 18-65 years. Chi-square tests were used to examine differences in demographic
variables. Bivariate and multivariable generalized logistic regressions were used to generate odds ratios
(ORs) with 95% confidence intervals (CIs) to assess the magnitude of associations between the presence
of pre-clinical disease, sociodemographic characteristics, and food security.
Results
Food insecure women with very low food security (OR=2.69; 95% CI= 1.76-4.13) and low food security
(OR=1.90; 95% CI= 1.20-3.02) had increased odds of having self-reported pre-hypertension. Food insecure
women with very low food security (OR = 3.34; 95% CI= 1.40- 7.95), and low food security (OR = 2.81; 95%
CI= 1.33- 5.93) had increased odds of pre-diabetes and pre-hypertension compared to food secure
women.
Conclusions
Food insecurity is associated with having pre-hypertension alone or having a comorbidity of prehypertension and pre-diabetes among an adult female population.
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ABSTRACT
Being food insecure is generally defined as the limited or uncertain availability of safe and
nutritious foods and is linked to poor nutrition and fully progressed diet-sensitive chronic
diseases. However, little is known about the association between food insecurity and preclinical disease such as pre-hypertension and pre-diabetes.
Methods: Using data from 2007-2010 NHANES, we examined associations between food
security and pre-clinical disease among women 18-65 years. Chi-square tests were used to
examine differences in demographic variables. Bivariate and multivariable generalized
logistic regressions were used to generate odds ratios (ORs) with 95% confidence intervals
(CIs) to assess the magnitude of associations between the presence of pre-clinical disease,
sociodemographic characteristics, and food insecurity.
Results: Food insecure women with very low food security (OR=2.69; 95% CI= 1.764.13) and low food security (OR=1.90; 95% CI= 1.20-3.02) had increased odds of having
self-reported pre-hypertension. Food insecure women with very low food security (OR =
3.34; 95% CI= 1.40- 7.95), and low food security (OR = 2.81; 95% CI= 1.33- 5.93) had
increased odds of pre-diabetes and pre-hypertension compared to food secure women.
Conclusions: Food insecurity is associated with having pre-hypertension alone or having
a comorbidity of pre-hypertension and pre-diabetes among an adult female population.
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INTRODUCTION
Food security is defined as having “consistent, dependable access to enough food for
active, healthy living,” (pg. V, Coleman-Jensen, Rabbitt, Gregory, & Singh 2016). Food insecurity
is defined by the U.S. Department of Agriculture (USDA) as, “lack[ing] access to enough food for
an active, healthy life for all household members” (USDA, 2016). A household is considered food
insecure if it lacks the basic resources to acquire healthy and nutritious foods which are safe to
consume (Anderson, 1990). Food insecurity is commonly linked to a lack of resources and poverty
(Bhattacharya, Currie, & Haider, 2004). In 2015, 12.7% (15.8 million) of U.S. households were
considered food insecure (Coleman-Jensen, Rabbitt, Gregory, & Singh 2016). Non-Hispanic black
and Hispanic households have the highest prevalence of food insecurity (Alaimo, Briefel,
Frongillo & Olson, 1998; Coleman-Jensen, Rabbitt, Gregory, & Singh, 2016). While singleheaded households are more likely to be food insecure compared to married households, female
single headed households (30.3%) are slightly more food insecure compared to single male headed
households (22.4%) (Coleman-Jensen et al., 2016). Mild or severe food insecurity is linked to
obesity, poor health status, and diet-sensitive chronic diseases (Olson, 1999; Tarasuk, 2001;
Seligman, Laraia, & Kushel, 2010).
Previous studies have found associations between chronic diseases (hypertension and
diabetes) and food insecurity. Seligman, Bindman, Vittinghoff, Kanaya, and Kushel (2007) found
participants who were food insecure had poorer diabetes self-management. Nelson et al. (2001)
found similar results. These authors reported an association between food insecurity and poor
glycemic control, which resulted in more physician encounters. Tarasuk found that women who
reported chronic health problems were more likely to report food insecurity with hunger (Tarasuk,
2001). Gregory and Coleman-Jensen (2017) found that adults at the lowest levels of food insecurity
have the highest predicted prevalence of 10 chronic illnesses. However, little is known about the
association between certain pre-clinical diseases such as pre-hypertension or pre-diabetes and food
insecurity in racially and ethnically diverse populations, particularly women (Seligman et al.,
2010; Franklin et al., 2012).
Pre-clinical diseases such as pre-hypertension or pre-diabetes are considered present when
a person has an elevated blood pressure or blood glucose, that are above normal, but the elevations
do not meet clinical criteria for diagnosis of disease (Chobanian et al., 2003). While non-Hispanic
blacks are disproportionately affected by pre-hypertension, non-Hispanic blacks and Hispanics
have relative similar rates of pre-diabetes as Non-Hispanic whites (Seligman et al., 2010; Cowie
et al., 2009; Egan, Zhao, & Axon, 2010). Further, compared to non-Hispanic white women, nonHispanic black and Hispanic women are at increased risk for developing chronic diseases, such as
hypertension and diabetes, and are at greater risk of being food insecure (Anastos, et al., 1991;
Weng et al., 2013). Implementing lifestyle changes is important because having pre-diabetes and
or pre-hypertension is also a link to cardiovascular disease (Ford, Zhao & Li, 2010; Hsia et al.,
2007). Early interventions and lifestyle changes have proven to be effective in either lowering
blood pressure (Selassie et al. 2011), and or lowering chances of morbidity and mortality linked to
pre-diabetes.
Chronic diseases such as hypertension and diabetes are “diet-sensitive,” particularly when
a person frequently consumes nutritionally-poor foods which are often less expensive than nutrient
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dense foods, and are high in fat, sodium, and carbohydrates. For individuals who are at the preclinical disease stage, lifestyle changes are very important in preventing the progression to full
clinical disease (i.e. diabetes and or hypertension). Lifestyle changes such as improving nutrition
are often suggested or recommended for those with pre-hypertension or pre-diabetes. If a person
is food insecure, making a lifestyle change around nutrition may be difficult and have challenges.
For many people who are considered food insecure, low-cost, nutritionally-poor foods are more
accessible and affordable than nutritionally-rich foods. Thus, it is important to understand the
association between pre-clinical disease and food insecurity, just as we understand this association
at the full disease stage. Particularly since early intervention has shown to be effective in lowering
the risk of morbidity and mortality (Farni et al., 2014). In addition, some pre-hypertensive
populations such as African Americans experience faster progression to full-diagnosed disease
status. Further examining this link at the pre-clinical disease stage can provide a target on which
to intervene to reduce the risk and or progression for diet-sensitive chronic diseases such as
diabetes and hypertension.
Purpose
The purpose of the present study is to determine the association between food insecurity
and pre-clinical disease in racially/ethnically diverse female populations. Using a nationally
representative sample (NHANES 2007-2010), this paper will evaluate the association between
food insecurity and pre-clinical disease (i.e. pre-hypertension and pre-diabetes) among a
racially/ethnically diverse sample of women. Given the evidence that diet-sensitive chronic
diseases such as diabetes and hypertension are linked with food insecurity, we want to further
explore this association at the pre-clinical disease stage.
METHODS
Participants and Procedures
To examine associations between pre-clinical disease (pre-hypertension and pre-diabetes)
and food insecurity, we used data collected from the 2007-2010 National Health and Nutrition
Examination Survey (NHANES) (Egan et al., 2010). NHANES is a survey conducted by the
National Center for Health Statistics and is a cross-sectional study drawn from a national
probability sample of noninstitutionalized U.S. children and adult populations (National Center
for Health Statistics [NCHS], 2016). A detailed description of the sampling methods and informed
consent procedures has been published elsewhere (Curtin et al., 2013). NHANES consists of three
components for data collection: household interviews, laboratory tests, and physical examinations.
For this secondary data analysis, we examined responses to questions on food insecurity, prehypertension, pre-diabetes, and demographic variables from the 2007-2010 NHANES household
dataset (NCHS, 2016) Study inclusion criteria included women between 18 and 65 years
(n=4,242) who self-reported their race/ethnicity as non-Hispanic white, non-Hispanic-black or
Hispanic. Data used in this study were considered exempt from the University’s Human Subjects
Committee because it represented de-identified secondary data.
Measures. Pre-clinical disease. Our outcome measure of pre-clinical disease was measured
as pre-hypertension and/or pre-diabetes. For our analysis, we derived a pre-clinical disease
variable which consisted of the following four categories: pre-hypertension only, pre-diabetes
only, both (pre-hypertension and pre-diabetes), and neither (pre-hypertension nor pre-diabetes).
The following questions were asked in the NHANES survey regarding pre-hypertension, “Have
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you ever been told by your doctor or other health professional that you have pre-hypertension?”
and “Have you ever been told by your doctor or other health professional that you have high
normal blood pressure or borderline hypertension?” Respondents who answered affirmatively to
at least one question were considered to have pre-hypertension. Respondents who answered
affirmatively to the following question, “Have you ever been told by a doctor or health
professional that you have any of the following: pre-diabetes, impaired fasting glucose, impaired
glucose tolerance, borderline diabetes or that blood sugar is higher than normal but not high
enough to be called diabetes or sugar diabetes?” and responded negatively to the question “Are
you now taking diabetic pills to lower your blood sugar?” were considered to have pre-diabetes
(Centers for Disease Control and Prevention [CDC], 2009). Women who self-reported a full
diagnosis of hypertension and or diabetes were not included in this study.
Food Insecurity. Food insecurity was measured by self-report using NHANES Food
Security Survey Module questionnaire, an 18-item validated instrument created by the US
Department of Agriculture (USDA), to measure food security levels among adults and children
(Bickel, Nord, Price, Hamilton, & Cook, 2000). The instrument measures household food security
over a 12-month period. Similar to other studies (Seligman et al., 2010; Seligman et al., 2007) on
food insecurity, our study utilized the first 10 questions, which addressed adult food insecurity,
since our sample is limited to adult women. The remaining eight items on the instrument are related
to childhood food security and are not included in this study. Food security levels were measured
as high, marginal, low, or very low. The following definitions were used for the levels of food
security: 1) high- no problems or anxiety with accessing adequate food, 2) marginal- some
problems or anxiety with accessing adequate food. The remaining definitions were used to measure
levels of food insecurity: 3) low- a reduction in the quality (less nutritious options) of food but no
reduction in the amount of food available, and 4) very low food security- a reduction in the quality
and quantity of available food resulting in interruptions in eating patterns (Coleman-Jensen, 2010).
Due to difficulty in accurately measuring the term “hunger,” the USDA no longer includes
this definition in the measurement of food security, which also applies to the food security surveys
used for NHANES (United States Department of Agriculture, [USDA] 2014). Respondents who
met criteria for very low food security were also considered to be in the “hunger” category.
Respondents were considered food secure if they had no affirmative responses on any of the 10
questions. Respondents were considered marginally food secure if they had one to two affirmative
responses to the questions. Low food security corresponded to three to six affirmative responses
to the questions, and very low food security consisted of six to 10 affirmative responses.
Covariates. We controlled for sociodemographic characteristics that may influence the risk
of chronic disease. We evaluated the effect of age (measured in years), race/ethnicity (nonHispanic white, non-Hispanic black, or Hispanic), cigarette use, body mass index (BMI), education
level (less than high school, high school diploma, or some college), marital status (Married,
Divorced, Separated, Widow, Single), household income (less than $20,000, $20,000 – $44, 999,
$45,000 – $64,999, or $65,000 or more), participants’ self-reported general health status
(“Excellent or Very good”, “Good, Fair”, and “Poor”), and insurance status (private, public, or no
insurance).
Analysis. Bivariate analyses were conducted using chi-square tests to examine differences
in demographic variables for type of chronic disease (pre-hypertension only, pre-diabetes only,
neither, both). Next, bivariate generalized logistic regression was used to generate prevalence
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odds ratios (ORs) with 95% confidence intervals (CIs) to assess the magnitude of the association
between the presence of pre-clinical disease and respondents’ sociodemographic characteristics.
Multivariable generalized logistic regression was also employed to assess the effect of food
insecurity on the presence of pre-clinical disease, with adjustment for respondents’
sociodemographic characteristics including: age, insurance, education, household income, BMI,
general health perception, and cigarette use. Due to the low prevalence of pre-clinical disease, we
interpreted prevalence ORs as prevalence ratios. All analyses were weighted to allow for
generalization to the U.S. population. All analyses were conducted using the survey procedures
(surveymeans, surveyfreq, and surveylogistic) using SAS for Windows Version 9.3.1 (Cary, North
Carolina). All statistical tests were two-sided. A p-value <0.05 was considered statistically
significant.
RESULTS
The final study sample consisted of 4,242 participants. Table 1 summarizes the sociodemographic
and food insecurity characteristics of participants by pre-clinical disease status. Women who
reported an absence of pre-hypertension and pre-diabetes were younger than those with preclinical disease. Among all racial groups, pre-hypertension was more prevalent among African
American respondents, whereas prediabetes was more prevalent among Hispanic respondents, and
having both pre-hypertension and pre-diabetes was more prevalent among non-Hispanic white
women respondents (p=0.0001). Compared to women without pre-clinical disease, women with
pre-clinical disease were more likely to being food insecure (very low food security), with the
highest proportion occurring among women with both pre-hypertension and pre-diabetes
(p=0.0345). Women with pre-clinical disease were more likely to be obese than women without
pre-clinical disease. Education level and tobacco use were not associated with pre-clinical disease
status.
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Table 1. Characteristics of Adult Females with and without Pre-Chronic Disease (Pre-Diabetes and/or PreHypertension, or Neither): NHANES 2007-2010
PreTotal (N=4021) hypertension
and PreHousehold Food Security Index
Full
Marginal
Low
Very low
Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Education
Less than High School
High School or GED
Some College
Health Insurance
Private Insurance
Public Insurance
No Insurance
Household Income
Less than $20,000
$20,000-$44,999
$45,000-$64,999
$65,000+
BMI Groups
BMI<25
25<=BMI<30
BMI>=30
Tobacco Use
Current Smoker
Past Smoker
Never Smoked
General Health
Excellent or Very good
Good
Fair
Poor
Average Age

Prediabetes
(n=140)

(n=362)

Neither
(n=3679)

P-value*
0.0345

2649
509
548
315

28 (58.5%)
10 (15.2%)
12 (15.4%)
9 (11%)

80 (72.1%) 228 (74.5%)
14 (9.1%) 36 (7.1%)
18 (10%) 43 (10.2%)
18 (8.8%) 37 (8.2%)

2313 (77%)
449 (9.6%)
475 (8.8%)
251 (4.6%)

1854
832
1335

28 (73.2%)
9 (10.3%)
22 (16.4%)

56 (67.8%) 158 (71%) 1612 (72.7%)
33 (19.3%) 112 (20.9%) 678 (12.2%)
41 (12.9%) 74 (8.2%) 1198 (15.1%)

1049
924
2045

13 (11%)
14 (23.8%)
32 (65.1%)

38 (19.6%) 71 (13%) 927 (17.6%)
33 (24.7%) 67 (21.5%) 810 (23.2%)
59 (55.7%) 206 (65.5%) 1748 (59.2%)

2108
754
1148

28 (63.3%)
14 (18.7%)
17 (18%)

59 (55.5%) 201 (68.8%) 1820 (65.6%)
35 (23%) 75 (16.7%) 630 (12.7%)
36 (21.5%) 68 (14.6%) 1027 (21.7%)

0.0001

0.1212

0.0129

0.1282
866
1334
548
1140

17 (25.6%)
22 (27.9%)
6 (9.3%)
13 (37.2%)

34 (19.2%)
53 (38.1%)
13 (13.6%)
27 (29.1%)

71 (13.3%) 744 (14.9%)
117 (29.3%) 1142 (27.7%)
48 (16.6%) 481 (15.7%)
104 (40.8%) 996 (41.7%)

1329
1167
1478

7 (12.6%)
17 (32.1%)
35 (55.3%)

20 (19.9%) 58 (20.2%) 1244 (41.2%)
31 (22.1%) 92 (27.8%) 1027 (28.3%)
78 (58%) 188 (52.1%) 1177 (30.5%)

895
592
2287

11 (15.1%)
10 (16.6%)
36 (68.4%)

32 (25.5%) 81 (21.2%) 771 (22.8%)
27 (26.9%) 61 (20.1%) 494 (17.7%)
66 (47.7%) 194 (58.7%) 1991 (59.5%)

1695
1501
682
141

12 (34.2%)
27 (45.6%)
13 (12.3%)
7 (8%)

33 (29.1%) 116 (42.2%) 1534 (53.8%)
49 (41.3%) 149 (42.2%) 1276 (33%)
43 (25.5%) 64 (13%) 562 (11.1%)
5 (4.2%)
15 (2.7%) 114 (2.1%)

41.08 ±0.32

47.83 ± 1.33

<.0001

0.1617

<.0001

45.22 ±1.24 48.63 ±0.89 39.47 ±0.34 <.0001

*All values were presented as unweight sample size (weighted percentage).The calculation of weighted percentage
in each parenthesis accounted for the survey weight and stratum.
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The results of the multivariable model for the associations with self-reported prehypertension are displayed in Table 2. Compared to women who were food secure, food insecure
women, those who reported very low (OR=2.69; 95% CI= 1.76-4.13) and low (OR=1.90; 95%
CI= 1.20-3.02) food security had increased odds of having self-reported pre-hypertension. For
each one year increase in age, there was a 6% (OR=1.06; 95% CI=1.04-1.07) increased
prevalence of pre-hypertension. African American women had a 45% (OR=1.45; 95% CI= 1.06,
1.99) increased prevalence of pre-hypertension compared to non-Hispanic white women. There
was no difference (OR=0.71, 95% CI 0.53, .95) between Hispanic and non-Hispanic white
women regarding the prevalence of pre-hypertension. Compared to women with some college,
women who did not graduate from high school had a 56% (OR=0.56; 95% CI= 0.40-0.79)
decreased prevalence of pre-hypertension. Increasing body weight was associated with an
increasing prevalence of pre-hypertension. Compared to women of “normal” weight, women
who were overweight had 1.8 times (OR=1.84; 95% CI= 1.22-2.76) the prevalence of prehypertension, and women who were obese had 3.01 times (OR=3.01; 95% CI= 2.05-4.41) the
prevalence of pre-hypertension. Insurance, income, tobacco use, and general health were not
associated with the prevalence of pre-hypertension.
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The results of the multivariable model for the associations with self-reported pre-diabetes
are displayed in Table 3. Only age, BMI, and health status were statistically associated with selfreported pre-diabetes from a multivariable perspective. For each one year increase in age, there
was a 3% (OR=1.03; 95% CI= 1.01-1.05) increased prevalence of pre-diabetes. Compared to
women of normal weight, obese women had 2.93 (OR=2.93; 95% CI= 1.91-4.49) increased
prevalence of pre-diabetes, and overweight women had 57% (OR=1.57, 95% CI 0.87, 2.84)
increased prevalence of pre-diabetes, though the latter effect failed to reach statistical
significance. Those who rated their health as less than excellent or very good were more likely
to be associated with pre-diabetes (See Table 3).
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Table 3. Odds Ratio (OR) and 95% Confidence Intervals (CI) for Predictors of Self-reported Pre-Diabetes:
NHANES 2007-2010
Unadjusted OR with 95% CI Adjusted OR with 95% CI
Food Security
Very Low
Low
Marginal
Full
Age (based on one year increment)
Race/Ethnicity
Hispanic/Latino
Non-Hispanic black
Non-Hispanic white
Education

2.18 (1.27, 3.74)
1.47 (0.88, 2.45)
1.32 (0.75, 2.32)
Reference
1.03 (1.01, 1.05)
1.01 (0.7, 1.47)
1.33 (0.9, 1.97)
Reference

Less than High School

1.00 (0.64, 1.57)

High School or GED

1.08 (0.66, 1.77)

Some College
Health Insurance
No Insurance
Public
Private
Income
< $20,000

1.03 (1.01, 1.05)

Reference
1.10 (0.7, 1.73)
1.89 (1.05, 3.41)
Reference
1.88 (1.15, 3.08)

$20,000-$44,999

1.66 (0.98, 2.82)

$45,000-$64,999
>= $65,000+
Body Mass Index

1.03 (0.56, 1.92)
Reference

BMI >=30, Obese

3.94 (2.48, 6.25)

2.93 (1.91, 4.49)

BMI >=25 and <30, Overweight

1.99 (1.09, 3.63)

1.57 (0.87, 2.84)

Reference

Reference

BMI < 25, Normal Weight
Tobacco Use
Current smoker

1.08 (0.67, 1.74)

Past smoker

1.46 (0.94, 2.26)

Never smoked

Reference

Health Status
Poor

4.33 (2.39, 7.86)

3.40 (1.82, 6.34)

Fair

3.26 (1.93, 5.52)

2.60 (1.59, 4.24)

Good

2.17 (1.38, 3.41)

1.76 (1.14, 2.72)

Reference

Reference

Excellent or Very Good
Marital Status
Single/Divorced/ Widowed/Separated/Never Married
Married/Living w Partner
OR, odds ratio; CI, confidence interval.

1.19 (0.74, 1.92)
Reference

The results of the associations between food insecurity levels, general health status, and
sociodemographic variables with having both pre-hypertension and pre-diabetes are reported in
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Table 4. Women who were food insecure (low food security; OR=2.81; 95% CI=1.33-5.93) and
(very low food security OR = 3.34; 95% CI= 1.42- 7.95) had an increased prevalence of prediabetes and pre-hypertension, compared to women who were food secure. For each one year
increase in age, there was a 4% (OR = 1.04; 95% CI= 1.02- 1.07) increased prevalence of both
conditions. Women with less than a high school education had a 67% (OR = 0.33; 95% CI=
0.17- 0.62) decreased prevalence of pre-hypertension and pre-diabetes. Women who graduated
from high school or earned a GED also had a decreased prevalence (OR = 0.67; 95% CI= 0.281.57). Compared to women of normal weight, obese women had 3.78 (OR=3.78; 95% CI= 1.3710.41) increased prevalence of both pre-clinical disease conditions. Lastly, poor health status
was associated with 3.0 times (OR=3.67, 95% CI 1.75, 7.72) the prevalence of both pre-clinical
conditions compared to women with excellent/very good health status.
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Table 4. Odds Ratio (OR) and 95% Confidence Intervals (CI) for Predictors of Self-reported Both PreHypertension and Pre-Diabetes: NHANES 2007-2010
Unadjusted OR with 95% CIAdjusted OR with 95% CI
Food Security
Very Low
Low
Marginal
Full
Age (based on one year increment)

2.86 (1.08, 7.57)
2.25 (0.95, 5.33)
2.11 (0.85, 5.26)
Reference
1.04 (1.02, 1.07)

3.34 (1.4, 7.95)
2.81 (1.33, 5.93)
2.4 (1.03, 5.6)
Reference
1.04 (1.02, 1.07)

Race/Ethnicity
Hispanic/Latino
Non-Hispanic black
Non-Hispanic white

1.13 (0.58, 2.2)
0.78 (0.29, 2.07)
Reference

Education
Less than High School

0.59 (0.29, 1.18)

0.33 (0.17, 0.62)

High School or GED

0.94 (0.38, 2.32)

0.67 (0.28, 1.57)

Reference

Reference

Some College
Health Insurance
No Insurance

0.88 (0.42, 1.84)

Public
Private

1.45 (0.64, 3.33)
Reference

Income
< $20,000

1.9 (0.84, 4.31)

$20,000-$44,999

1.1 (0.45, 2.65)

$45,000-$64,999
>= $65,000+

0.66 (0.25, 1.73)
Reference

Body Mass Index
BMI >=30, Obese

5.15 (2.07, 12.85)

3.78 (1.37, 10.41)

BMI >=25 and <30, Overweight

3.52 (1.18, 10.45)

2.87 (0.96, 8.51)

Reference

Reference

BMI < 25, Normal Weight
Tobacco Use
Current smoker

0.57 (0.25, 1.29)

Past smoker

0.79 (0.35, 1.76)

Never smoked

Reference

Health Status
Poor

5.59 (2.45, 12.77)

3.67 (1.75, 7.72)

Fair

1.6 (0.61, 4.2)

1.2 (0.55, 2.61)

2.05 (1.07, 3.92)

1.61 (0.87, 2.97)

Reference

Reference

Good
Excellent or Very Good
Marital Status
Single/Divorced/ Widowed/Separated/Never Married
Married/ Living w/Partner
OR, odds ratio; CI, confidence interval.

1.3 (0.64, 2.68)Reference
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DISCUSSION
Among adult women, food insecurity was associated with pre-clinical disease conditions.
Women who were food insecure (low or very low food security) had a higher prevalence of having
both pre-clinical disease conditions (pre-hypertension and pre-diabetes). Also there was a higher
prevalence of food insecurity among women diagnosed with pre-hypertension. Being food
insecure and, thereby lacking adequate intake of core healthy foods, could increase the risk for
pre-clinical disease and ultimately increase the risk for development of chronic disease. This
finding is important considering pre-hypertension and pre-diabetes are diet-sensitive chronic
diseases.
Previous studies have identified the connection between food insecurity and chronic
disease. Seligman and colleagues found people from food insecure households had a higher
prevalence of hypertension and diabetes (Seligman et al., 2010). This is consistent with our study,
women with low and very low food security also had both pre-clinical disease conditions. Similar
results were reported by Tarasuk, Mitchell, McLaren, & McIntyre (2013) whom also found an
association between household food insecurity at the lowest level with the prevalence of
hypertension and diabetes. This is similar to our study which found these associations at the preclinical disease stage. Our study’s findings of associations between low and very low food security
and the presence of both pre-clinical disease stages (pre-diabetes and pre-hypertension) may
indicate it is most likely present when there is a constellation of chronic diseases present, thus
indicating a greater burden of disease and greater risk of being food insecure. However, it is
important to conclude this finding in our present study was based on a small number of women
who self-reported having both pre-clinical diseases and should be interpreted with caution.
There are also contrasting results. Parker and colleagues explored the connection between
food insecurity and cardiovascular risk factors using metabolic syndrome markers (Parker et al.,
2010). Parker’s study suggested that households which experience the most severe level of food
security are associated with abnormal glucose levels and hyperlipidemia, but not high blood
pressure. This is in contrast to our finding that having both cardiovascular risk factors is associated
with low and very low food security. Additionally, Holden and colleague found no association
between food insecurity and chronic disease, whereas our results suggested there were associations
at the low and very low stage of food security with the presence of pre-hypertension alone, and
both pre-hypertension and pre-diabetes (Holden & Pheley, 2006). However, our findings overall
show no association with food insecurity and pre-diabetes alone; this is consistent with findings
from Holden and colleague (Holden & Pheley, 2006).
Additionally, and although there was some variability in the ORs, we found women with
at least one pre-clinical disease were more likely to be older, overweight or obese, had public
insurance, and self-reported poorer health compared to those with no pre-clinical disease. Women
with less than a high school diploma were less likely to have either pre-clinical disease conditions.
This could be an indicator of insufficient access to a primary care physician, leading to less
knowledge of disease status. Nevertheless this finding deserves further investigation as it could be
an artifact of using self-reported data. A BMI in the overweight or obese range was predictive of
pre-hypertension and pre-diabetes (obese range only). This finding is consistent with previous
studies which indicated obesity is a risk factor for chronic diseases such type 2 diabetes and
hypertension (Egan et al., 2010; Zhang, Wang, & Huang, 2009). As age increased, so did risk of
pre-hypertension, pre-diabetes, and both conditions, which is consistent with previous studies
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which found increasing age is a risk factor for pre-clinical and chronic disease (Cowie et al., 2009;
Hsia et al., 2007). We found being non-Hispanic black was more likely to be association with
having pre-hypertension, but not pre-diabetes or both conditions. In contrasts, being Hispanic was
more likely to be association with having pre-diabetes and or both conditions, but not prehypertension. For non-Hispanic black women this is consistent with Hsia et al. (2007) who found
significant differences for pre-hypertension among a racially/ethnically diverse population of
women (Hsia et al., 2007).
Previous studies have consistently shown that the presence of diet-sensitive chronic disease
is predictive of food insecurity (Olson, 1999; Seligman et al., 2007; Nelson et al., 2001). This same
connection had not been identified with pre-clinical disease, such as pre-hypertension or prediabetes (Tarasuk, 2001; Seligman et al., 2010). Our study was able to identify an association
between food insecurity, pre-hypertension alone and/or having both pre-hypertension and prediabetes among diverse women. We found the strongest association at the low and very low food
security level with a greater burden of disease (having both pre-hypertension and pre-diabetes).
There is clearly a connection between nutrition and chronic disease at the pre-clinical level and
full disease level. While more work needs to be done at the pre-clinical level such as using clinical
measures vs. self-report it’s important to take note of what is going on. Diet can affect health in
several ways. We cannot determine cause and effect in this study, but it is worth further
exploration to better understand the questions behind the cause and effect relationship between
food insecurity and pre-clinical disease. Such as, is it a poor diet that is the link to pre-clinical
disease or having other risk factors plus a poor diet? Or is it a general lack of access to safe and
nutritious foods that helps exacerbate the pre-clinical disease condition as well as the full disease
condition? These questions are beyond the scope of this manuscript but need to be further explored
to help improve any interventions that are designed to help food insecure populations who also
live with a pre-clinical disease.
Further, these findings are important since female-headed households are more likely than
male-headed households and married households to experience food insecurity due to a lack of
resources to obtain nutritiously rich foods compared to married households (Siefert et al., 2001;
Coleman-Jensen, Rabbitt, Gregory, & Sing, 2016). Identifying food insecurity at the pre-clinical
disease stage is an optimal time to intervene to further prevent greater health problems. If food
insecurity is present in pre-clinical diseases, this can provide an opportunity to implement
interventions that address the lack of nutritious foods.
Limitations
The limitations of this study include the use of self-reported data. This could underestimate
the prevalence of pre-clinical disease. Objective assessments of clinical levels of pre-diabetes and
pre-hypertension should be examined further to determine stronger associations between food
insecurity and pre-clinical diseases, as well as to capture those with unreported pre-clinical disease.
However, our analysis of the NHANES dataset provides an excellent start to evaluating these
potential associations.
Our current findings focus on women from a range of income and SES levels. We did not
limit our data analysis to low-income women with pre-clinical disease. Previous studies have
looked primarily at low-income populations when assessing food insecurity and chronic disease
(Seligman et al., 2010; Seligman et al., 2007). It may be necessary to take a closer look at a lowincome population of women and assess the association between food insecurity and pre-clinical
Journal of Health Disparities Research and Practice Volume 11, Issue 1 Spring 2018
http://digitalscholarship.unlv.edu/jhdrp/
Follow on Facebook: Health.Disparities.Journal
Follow on Twitter: @jhdrp

70 Food insecurity and pre-hypertension, pre-diabetes in adult women: Results from the 20072010 National Health and Nutrition Examination Survey
Redmond et al.
disease to uncover stronger associations (Seligman et al., 2010; Seligman et al., 2007; Nelson et
al., 2001). Finally, this is a cross-sectional study, which limits the ability to draw conclusions
about cause and effect.
Implications for Practice and/or Policy
This study adds to the growing knowledge about pre-clinical disease and food insecurity.
It is important to understand these associations as pre-diabetes and pre-hypertension are precursors
to a full diagnosis of diabetes mellitus and/or hypertension. Addressing food insecurity at the preclinical disease stage allows for interventions that can prevent disease progression. This is
particularly important because pre-diabetes and pre-hypertension can both be affected by poor
dietary habits and, in full disease stage, are considered atherosclerotic risk factors, particularly for
peripheral arterial disease (National Institutes of Health [NIH], 2011). While our study included
women from diverse income levels, being food insecure and at greater risk for living with two
chronic diseases can make women who are already dealing with limited resources more susceptible
to poor health. Limited financial and material resources can inhibit access to healthy foods, thus
further exacerbating diet-sensitive pre-clinical disease conditions resulting in poorer health
outcomes (Leung, Epel, Ritchie, Crawford, & Laraia, 2014). Future studies need to take a closer
look at the impact of food insecurity for women with limited resources, thus finding ways to
intervene that would improve health and access to nutritious healthy foods. Screening for food
insecurity for those who might be most susceptible is one preventive measure that should be
considered. Our findings also have implications on the access of healthy food, particularly for
women and families who live in neighborhoods that are considered to be food deserts or that have
a lack of available healthy food (Baker, Schootman, Barnidge, & Kelly, 2006; Walker, Keane, &
Burke, 2010).
CONCLUSION
Understanding the association between pre-clinical disease and food insecurity has the potential
to improve health outcomes through preventive efforts that address diet-sensitive chronic disease
in food insecure populations. Health care professionals, social service practitioners and those who
work in this area should consider the benefit of screening women with pre-clinical disease for food
insecurity to help connect this population to services that can help alleviate the impact food
insecurity may have on health outcomes.
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